Abstract. Carnosic acid is a phenolic diterpene with anti-
Introduction
Lung cancer is known as one of the most common human cancers across the world (1) . Lung cancer is a disease due to multiple factors (2) . Among all lung cancers, the non-small cell lung cancer (NSCLC) accounts for approximately 80% (3) . Despite continuous advances in treatments, lung cancer remains the main reason for cancer-related deaths (4) . Thus, it is important to understand the molecular mechanisms and to find effective therapeutic strategies.
In the last several decades, finding the efficacy of various natural compounds against different human metabolic diseases have increased (5, 6) . Compounds from many plants belonging to different groups, including alkaloids, polyphenols and flavonoids evaluated for their role in cancer-prevention, which have yielded promising data, thus, supplying a potential therapeutic strategy against deadly diseases (7) . Carnosic acid (Fig. 1A ) is known as a natural benzenediol abietane diterpene detected in rosemary and common sage (8) . Carnosic acid is used as a preservative or antioxidant in food and non-food products, including toothpaste, mouthwash and chewing gum (9) . Presently, carnosic acid has been suggested to possess some antitumor properties in mammary tumors, colonic cancer, as well as skin tumors via regulation of cell growth and apoptosis.
In addition, the flavonol fisetin (3,3',4',7-tetrahydroxyflavone) (Fig. 1B) , in many kinds of fruits and vegetables such as grape, strawberries, apple, persimmon, onion and cucumber, was suggested to possess anti-oxidant, anti-microbial, anti-inflammatory and significantly anti-carcinogenic activity when studied in various animal model systems and cell cultures. Fisetin is a hydrophobic compound, penetrating cell membranes in cells to perform its effects (10, 11) . For example, it is claimed to be an orally active neuroprotective and memory-enhancing molecule (12) . Additionally, fisetin could induce apoptosis in cervical and breast cancer cells (13, 14) . Furthermore, fisetin induced cell apoptotic death in human hepatocellular carcinoma via p21 signaling pathway regulation (15) . Thus, we considered that fisetin might have effective role in human gastric cancer progression inhibition.
The present study aimed to calculate the potential benefit and value of carnosic acid and fisetin in combination for lung cancer treatment and to explore the possible molecular mechanism by which the combinational therapy acts in modulating lung cancer. To the best of our knowledge, this is the first time that carnosic acid combined with fisetin is used to prevent lung cancer in vitro and in vivo studies, which Carnosic acid and fisetin combination therapy enhances inhibition of lung cancer through apoptosis induction might provide new therapeutic strategy for lung cancer treatment.
Materials and methods
Cells and culture. human lung caner cell lines, hCC827 and h358 and human normal lung cells mRC-5 were purchased from the American Type Culture Collection (ATCC; manassas, VA, uSA). hCC827 and h358 cells were routinely cultured in RPmI-1640 medium (gibco, waltham, mA, uSA), containing 10% fetal bovine serum (FBS; gibco) and 1% penicillin/streptomycin. mRC-5 was cultured in Dulbecco's modified eagle's medium (Dmem; gibco) supplemented with 10% FBS, 100 u/ml penicillin and 100 µg/ml streptomycin. All cells were cultured in a humidified atmosphere with 5% CO 2 and 95% humidity at 37˚C in an incubator. Fisetin and carnosic acid (>98% purity), used for the treatment of lung cancer, were purchased from hangzhou DayangChem, Co., Ltd. (hangzhou, China), which was dissolved in dimethyl sulfoxide (DmSO) and stored at -20˚C, and then diluted in medium for experimental treatment. The final DmSO concentration in the present study is no more than 0.1% (v/v) in each treatment.
MTT analysis. Cells (5x10 3 ) were seeded into a 96-well plate/well. Carnosic acid (0-40 µm), fisetin (0-40 µm), or the combination of both was added to the medium after 24 h. The cells were then incubated at 37˚C for 24 h, and the cell viability was detected by the colorimetric mTT assay at 570 nm (16) .
Colony-forming assays. Lung cancer cells (500)/well in 60-mm plates were cultured in 10% FBS RPmI-1640. Cells were treated with fisetin and carnosic acid of the indicated concentrations for 24 h. After another 7 days of incubation, the cell colonies were washed twice with phosphate-buffered saline (PBS), fixed with 4% paraformaldehyde for 15 min and then stained by gimsa for 30 min. All the clones with over 50 cells were evaluated. Clone forming efficiency for cells was calculated based on colonies/number of inoculated cells x 100% (17) .
Cell migration assays. Lung cancer cells were seeded into the upper chamber of a Transwell insert pre-coated with 5 µg/ml fibronectin for migration or a BD™ matrigel invasion chamber. medium with 10% serum was put in the lower chamber as a chemo-attractant, and cells were then incubated for 4 h for migration. Non-migratory cells were removed from the upper chamber by scraping with a cotton bud. The cells on the lower insert surface were stained with Diff-Quick. Cells were evaluated as the number of cells observed in five different microscope fields of three independent inserts (18) .
Scratch wound-healing analysis. The lung cancer cells used in this study were seeded and grown on a 6-well plate overnight. The monolayers of lung cancer cells were wounded with a pipette tip. Cells were then washed with PBS to discard cellular debris and subjected to migration for 24 h. Representative images were taken at 0 and 24 h after the wounding through an inverted microscope (19) .
Caspase-3 and -9 analysis. Caspase-3 and -9 activities were measured by colorimetric activity assay kits (Clontech Laboratories, Inc., mountain View, CA, uSA) following the manufacturer's instructions. The analysis is according to the chromogenic substrates cleavage, DeVD-pNA by caspase-3 and LehD-pNA by caspase-9, respectively. Cells were dissolved in cold lysis buffer for 10 min and centrifuged at 10,000 x g for 5 min. Then, solution of caspase substrate containing specific peptide substrate was added to the supernatant and grown at 37˚C for 2 h before eLISA reader assay at 405 nm.
DNA staining analysis. hoechst 33258 stain for DAPI staining analysis was performed for morphological calculation of the nuclei. Lung cancer cells were incubated with carnosic acid and fisetin and the two combinations for 24 h. hCC827 and h358 cells were washed with ice-cold PBS three times in 6-well plate and then stained with 0.5 ml hoechst 33258 solution for 10 min at 37˚C avoiding light. Then, the cancer cells were washed with ice-cold PBS three times in the plate. The cells were observed with an inverted fluorescence microscope (Olympus Corp., Tokyo, Japan) (20) .
Apoptosis assays. Apoptosis assay of samples was also determined by terminal deoxynucleotidyl transferase-mediated duTP nick end labeling (TuNeL) using an In Situ Cell Death Detection kit, Fluorescein (Roche Applied Science, South San Francisco, CA, uSA) according to the manufacturer's protocol. The number of TuNeL-positive cells was counted under a fluorescence microscope. The percentages of apoptotic cells were calculated from the ratio of apoptotic cells to total cells counted. Tissue sections were counter-stained with hematoxylin. Sections were mounted and observed under a light microscope. The experiment was performed independently three times.
Western blot analysis. The lung cancer cells and tumor tissue samples from mice were homogenized into 10% (wt/vol) hypotonic buffer (25 mm Tris-hCl, ph 8.0, 1 mm eDTA, 5 µg/ml leupeptin, 1 mm Pefabloc SC, 50 µg/ml aprotinin, 5 µg/ml soybean trypsin inhibitor and 4 mm benzamidine) to yield a homogenate. Then, the final supernatants were obtained by centrifugation at 12,000 rpm for 15 min. Protein concentration was determined by BCA protein assay kit (Thermo Fisher Scientific, waltham, mA, uSA) with bovine serum albumin as a standard. The total protein extract was used for western blot analysis. equal amounts of total protein of tissues were subjected to 10% SDS-PAge followed by immunoblotting using the following primary polyclonal antibodies (1:1,000): rabbit anti-gAPDh, Bcl-xl, caspase-9, caspase-8, caspase-3, Bcl-2, Bad and Bax. Immunoreactive bands were visualized by eCL Immunoblot Detection system (Pierce Biotechnology, Inc., Rockford, IL, uSA) and exposed to Kodak (eastman Kodak Company, Rochester, NY, uSA) X-ray film. each protein expression level was defined as grey value (Version 1.4.2b, mac OS X, ImageJ; National Institutes of health, Bethesda, mD, uSA) and standardized to housekeeping genes (gAPDh) and expressed as a fold of control.
RT-qPCR assays. qPCR analysis, was performed as previously described (16, 21) . Fold induction values were calculated using the to 2 -ΔΔCq method, where ΔCq represents the differences in cycle threshold number between the target gene and gAPDh, and ΔΔCq represents the relative change in the differences between the control and the treatment groups. The primers used in the study are shown in Table I .
Athymic nude mouse model. eight-week-old athymic nude mice were purchased from the Animal Center of Nanjing medical university (Nanjing, China) and kept in a 25±2˚C temperature and 50±10% humidity-controlled environment with a standard 12 h light/dark cycle with food and water in cages under germ-free conditions. All processes were in accordance with the Institutional Animal Care and use Committee of huai'an First People's hospital, Nanjing medical university. Briefly, 5x10 5 hCC827 and h358 cells were subcutaneously injected into the dorsal flanks of nude mice. Tumor volume was measured by calculating the two maximum perpendicular tumor diameters every three days. The tumor-bearing nude mice were randomly divided into 4 groups: i) control; ii) CA (30 mg/kg); iii) Fe (20 mg/kg); and iv) CA and Fe combination every two day for 35 days. Carnosic acid and fisetin were dissolved in DmSO and then diluted in distilled water. The mice were administered with CA and Fe orally. The control group was given DmSO diluted in water (0.5% v/v). The body weight was measured twice a week. The tumor volume was evaluated by a formula 1/2 (L1xL2xh) where L1 is the long diameter, L2 is the short diameter and h is the height of tumor. At the end of the present study, the mice were sacrificed. The tumor tissue samples were removed for molecular mechanism research and immunohistochemical analysis.
Immunohistochemical (IHC) assays.
The tissues in each group were fixed with 10% buffered formalin, imbedded in paraffin and sliced into 4-5 µm thick sections. Tumor tissues also were subjected to immunohistochemical (IhC) staining for the analysis of p53 expression. The sections were stained with α-SmA, collagen type I, collagen type II and mmP-9. All the histological examinations were carried out according to the standard procedures previously reported (17, 22) .
Statistical analysis. Data were expressed as mean ± standard error of the mean (Sem). Statistical analyses were performed using graphPad Prism (version 6.0; graphPad software) by ANOVA with Dunnet's least significant difference post-hoc tests. A P<0.05 was considered statistically significant.
Results

Carnosic acid and fisetin combination significantly suppresses lung cancer cell proliferation.
Before confirming the role of carnosic acid with fisetin combination (CA/Fe) in lung cancer, the possible cytotoxicity of CA, Fe and CA/Fe towards lung cancer tumor cells and normal human lung epithelia cells was explored. As shown in Fig. 1C and D, at the concentrations of 15 µm or lower, CA showed no significant anticancer role in lung cancer cells of hCC827 and h358. Over 20 and 15 µm, CA exhibited remarkable effects on suppressing hCC827 and h358 cells, respectively, suggesting that CA, to some degree, possesses inhibitory role in controlling lung cancer cells, especially combined with Fe. however, no significant cytotoxicity was observed in normal lung epithelia cells of mRC-5 even at the highest concentration of 40 µm (Fig. 1e) . Of note, after combination with Fe, huge anti-proliferation ability of CA and Fe was observed. Significant difference was found at the combination of CA at 10 µm with 20 µm Fe and 5 µm CA with 20 µm Fe in hCC827 and h358 cancer cells, respectively, illustrating that CA combined with Fe displayed effective antitumor role in lung cancer cells. Then, 20 µm CA was used combined with different concentrations of Fe to investigate the monotherapy of Fe and its combination with CA on lung cancer. As seen in Fig. 1F and g, Fe alone could also reduce lung cancer cells viability in a dose-dependent manner. In addition, significant difference was found with up to 15 or 20 µm in hCC827 and h358 cells, respectively. Compared to Fe alone, CA/Fe combination showed strong antitumor effects on hCC827 and h358 proliferation. On the contrary, no cytotoxicity was observed in mRC-5 cells with the increase of CA treatment (Fig. 1h) . The data suggest that CA/Fe possesses huge antitumor role in lung cancer cell proliferation without causing cytotoxicity in normal cells. In the present study, the concentrations of CA (20 µm) and Fe (20 µm) were used for combinational therapy in the following investigation.
Carnosic acid and fisetin combination therapy inhibits lung cancer cell proliferation. In this regard, we attempted to Fig. 2A and B) . In the presence of CA and Fe single therapy, the number of migrated cells of hCC827 and h358 was decreased. however, combination of CA/Fe noticeably resulted in a decreased number of migrated cancer cells of hCC827 (10.58%) and h358 (11.46%) ( Fig. 2C  and D) . Next, the relative wound width of hCC827 and h358 cells were detected after different treatments. Fig. 3A and B show that, CA and Fe monotherapy increased in controlling the wound width of hCC827 (27.83 and 46.98%), which was also observed in h358 cells (46.59 and 72.36%), accompanying with remarkable difference compared to the control (Fig. 3C  and D) . Also, in the presence of CA and Fe, the wound width to 0 h was found to be the highest in hCC827 (58.69%) and h358 (93.18%) cells, and considerable difference was observed Carnosic acid and fisetin co-treatment significantly induces apoptosis of lung cancer cells. we assessed whether CA/Fe co-treatment has any effects on apoptosis, contributing to lung cancer cells proliferation suppression and death. As shown in Fig. 4A and B, in comparison to the control group, CA, Fe and CA/Fe treatments led to shrunken cancer cell nuclei and most cell nuclei were apparently condensed and brightly stained. Nuclear condensation has been considered as a typical change of morphology for cells experiencing apoptosis (23 (Fig. 4C and D) . The results above suggest the ability of CA/Fe to trigger hCC827 and h358 cell apoptosis is markedly stronger than CA and Fe single therapy.
Carnosic acid and fisetin induce apoptosis in lung cancer cells through caspase-3 activation.
The results mentioned above indicated that apoptosis could be induced for CA, Fe especially the CA/Fe combination. hence, the molecular mechanism was explored. Caspase-8 activation results in down-stream signals of caspase-9 and caspase-3 activity (24) . Next, the caspase activation of cancer cells after CA, Fe and CA/Fe treatment were determined through western blot analysis. As shown in Fig. 5A , CA and Fe markedly induced high cleavage of caspase-8, leading to caspase-9 activation. Consequently, caspase-3 was activated and apoptosis was induced. Significantly, CA/Fe combination resulted in an obvious more intensive caspase-8 ( Fig. 5B) , caspase-9 ( Fig. 5C ) and caspase-3 ( Fig. 5D ) cleavage in lung cancer cells of hCC827. moreover, in h358 cells, cleaved caspase-8 ( Fig. 5e and F) , caspase-9 ( Fig. 5e and g ) and caspase-3 ( Fig. 5e and h) were markedly elevated in CA/Fe group compared to the CA and Fe single treatment. In order to further confirm the role of CA and Fe in caspases activity, caspase-3 and caspase-9 inhibitors were used in the present study. Fig. 6A , shows that caspase-3 activity was highly elevated in the CA/Fe combination group with significant difference compared to the CA and Fe single therapy. Caspase-3 inhibitor usage abolished caspase-3 activity triggered by CA/Fe. Also, CA/Fe-induced high caspase-9 activation was also suppressed due to caspase-9 inhibitor treatment in hCC827 cells (Fig. 6B) . In addition, h358 cells after CA/Fe co-treatment showed markedly higher activity of caspase-3 and caspase-9, which was comparable to the monotherapy-treated groups. Of note, caspase-3 and caspase-9 inhibitors pre-treatment noticeably failed to induce caspase activation (Fig. 6C and D) . The results above show that caspase signaling pathway activation is involved in CA/Fe-induced apoptosis, which is a main molecular mechanism by which CA/Fe exhibits stronger antitumor effects.
Carnosic acid and fisetin combination-induced apoptosis is associated with mitochondrial pathway.
Bcl-2 family members can be divided into the anti-apoptotic proteins, including Bcl-2 and Bcl-xl, and pro-apoptotic signals, such as Bax and Bad (25) . we further investigated the role of CA/Fe combined therapy in the balance between the pro-apoptotic and antiapoptotic members. The combinational treatment of CA/Fe on hCC827 (Fig. 7A ) significantly decreased Bcl-2 and Bcl-xl ( Fig. 7C and D) , while Bax ( Fig. 7B and e) and Bad ( Fig. 7B and F) protein levels were markedly increased in NSCLC cells after the combined h358 cancer cells significantly decreased Bcl-2 ( Fig. 7g and I ) and Bcl-xl ( Fig. 7g and J) , while Bax ( Fig. 7h and K) and Bad ( Fig. 7h and L) protein levels were markedly increased in NSCLC cells after the combined treatment of CA/Fe. The effects of carnosic acid and fisetin combination suppress lung cancer cells through TRAIL signaling pathway regulation. TRAIL can induce rapid apoptosis in various cancers (26) . TRAIL-induced apoptosis relies on DRs, leading to the formation of death-inducing signaling complex. FADD, subsequently, is activated to improve caspase-8 activity (27) . In hCC827 and h358 cancer cells under various conditions, RT-qPCR analysis was carried out to explore how TRAIL, DR4, DR5 and FADD altered after CA and Fe single treatment, or CA/ Fe co-treatment in hCC827 and h358 cells, respectively. The results showed that in hCC827 cells, TRAIL (Fig. 8A) , DR4 (Fig. 8B) , DR5 (Fig. 8C) and FADD (Fig. 8D ) mRNA levels were significantly augmented by CA and Fe monotherapy. Notably, co-treatment of CA/Fe markedly stimulated TRAIL, DR4, DR5 and FADD levels, which was comparable to the single-treated groups. Furthermore, in h358 cells, TRAIL (Fig. 8e) , DR4 (Fig. 8F) , DR5 (Fig. 8g) and FADD (Fig. 8h ) mRNA levels were apparently improved by CA and Fe single therapy. Of note, co-treatment of CA/Fe markedly stimulated TRAIL, DR4, DR5 and FADD levels, which was comparable to the CA and Fe alone-treated groups. The results indicate that mitochondrial pathway is involved in CA/Fe-induced apoptosis, which is associated with TRAIL/DRs signaling pathway.
Carnosic acid and fisetin combination suppresses tumor growth in lung cancer xenograft models in vivo.
The present study indicated that CA/Fe co-treatment was inhibitory in lung cancer cell proliferation in vitro. hence, in order to further investigate the role of CA and Fe monotherapy, and CA/Fe combined treatment on tumor growth, the athymic nude mice bearing the established hCC827 and h358 cells subcutaneous tumors in the presence of either 30 mg/kg CA, 20 mg/kg Fe or the two combinations were assessed. CA and Fe by themselves significantly reduced tumor volume ( Fig. 9A and B) and tumor weight (Fig. 9C ) compared to the control group. Notably, CA/Fe combination showed stronger antitumor role in controlling the tumor volume and weight and marked difference was observed between the CA/Fe and CA-and Fe-alone groups. Additionally, no apparent difference of body weight was found between different groups in hCC827-transplanted athymic nude mice (Fig. 9D) . Similarly, in h358 subcutaneous nude mice, the tumor volume and tumor weight were found to be reduced for CA and Fe monotherapy, which was further attenuated for the two combinations with significant difference (Fig. 9e-g ). There was no difference detected for the body weight among the mice from different groups (Fig. 9h) . The data indicate that CA, Fe and, especially, their combination have inhibitory role in tumor growth in vivo, consistent with the results in vitro.
Combination of carnosic acid and fisetin impedes lung progression through apoptosis induction in vivo.
In addition, p53, as previously reported, elevates DR gene transcription (28) . Thus, p53 is important for TRAIL/DR-induced apoptosis in various tumors (29) . To further confirm our hypothesis, IhC analysis was performed to calculate p53 levels in different tumor samples from mice under various conditions. As shown in Fig. 10A and B, CA and Fe alone treatment could improve the number of p53 positive cells, being further enhanced for CA/Fe in combination. In Fig. 10C and D, RT-qPCR analysis show lower mRNA levels of Bcl-2 and Bcl-xl in the presence of CA and Fe than that observed in hCC827 tumor tissue samples treated by single therapy. In contrast, Bax and Bad were significantly upregulated after CA and Fe alone, and were further elevated due to CA/Fe co-treatment ( Fig. 10e  and F) . Furthermore, RT-qPCR analysis suggested that in h358 tumor tissue samples, anti-apoptotic members of of Bcl-2 and Bcl-xl were inhibited from gene levels in CA and Fe single treatment, which were further reduced in the two-drug combinations with significant difference compared to the CA and Fe single group (Fig. 10g and h ). Bax and Bad mRNA levels in tumor samples from h358 subcutaneous mice were enhanced for CA/Fe in combination, which was comparable to the single-treated ones ( Fig. 10I and J) . The results illustrated that the CA/Fe in combination suppresses lung tumor growth through apoptosis induction in vivo, which is consistent with the results in vitro.
Discussion
Lung cancer is known as the leading cause contributing to death in human, and its incidence and mortality will be increasing worldwide. In addition, non-small cell lung cancer (NSCLC) is the most common type among different lung cancers (30, 31) . In recent decades, although progress has been made in experimental as well as clinical oncology, the lung cancer prognosis is still far from satisfactory. Also, the 5-year survival rate is approxiamtely 15% (32) . Therefore, finding effective therapeutic strategy and understanding the molecular mechanism of lung cancer for its progression is still urgently needed to find better treatments. Carnosic acid is an active component isolated from plants, which has been reported to suppress various human cancer progression, such as breast, gastric cancer and liver disease, through apoptosis induction and cell cycle arrest (8, 9) . Fisetin is a naturally flavonoid, found in many vegetables and fruits, including cucumbers, onions, grapes, apples, persimmons and strawberries. The anti-oxidative, anti-inflammatory and neuro-protective activities of fisetin have been reported (11, 12, 33) . It has exerted anti-proliferative, pro-apoptotic and antitumorigenic activities. Also, combination treatment may improve life quality and prolong survival. Previous studies have reported that therapy in combination exhibited higher efficiency than those displayed with monotherapy in various tumors, such as gastric cancer (34) . however, until now, little is known on whether carnosic acid combined to fisetin could be worthwhile to prevent lung cancer progression. In the present study, carnosic acid and fisetin alone suppressed lung cancer hCC827 and h358 cell proliferation without cytotoxicity on normal lung cells (Figs. 1 and 2 ).
Significantly, carnosic acid and fisetin in combination showed stronger anticancer role in suppressing lung cancer cell proliferation. The present study provided the effects of carnosic acid and fisetin combination on lung cancer cell alteration. Detailed study here indicated that caspase-8, caspase-9, caspase-3, Bax, TRAIL, p53, DR4, DR5 and FADD were increased (Figs. 5 and 8), while Bcl-2 and Bcl-xl were decreased for carnosic acid and fisetin in combination (Fig. 7) , indicating that these signaling pathways were involved in carnosic acid/fisetin-regulated lung cancer development. In addition, the combination of carnosic acid and fisetin in limiting lung cancer was further confirmed by in vivo study in nude mice that carnosic acid and fisetin multiple therapy suppressed tumor growth, which was more significant than carnosic acid and fisetin single therapy (Fig. 9) . Furthermore, mTT assays showed no significant cell death after carnosic acid, fisetin and their combination treatment in normal lung cells from human (Fig. 1) . Therefore, carnosic acid and fisetin combination might be a novel option for lung cancer treatment in future.
here in the present study, we found that carnosic acid and fisetin alone treatments suppressed hCC827 and h358 cell proliferation. Compared to carnosic acid and fisetin single treatment, the two-combined therapy even in lower concentrations showed stronger inhibitory role in lung cancer cell proliferation, triggering considerable apoptosis. Caspases have been reported to play a significant role in cell apoptosis induction through TRAIL receptors and the mitochondrial signaling pathways via Bcl-2 and Bax (35, 36) . In order to investigate the molecular mechanism by which carnosic acid and fisetin performed in lung cancer development suppression, the activation of caspase-8, caspase-9 and caspase-3 were detected through western blot analysis. The results indicated that carnosic acid and fisetin in combinationinduced cell apoptosis relied on caspase-8, caspase-9 and caspase-3 activation (Fig. 5) . Next, nuclear condensation was generated for caspase-3 activity, causing apoptosis in lung cancer cells (37) . Caspase-8 is of importance in mediating apoptosis via mitochondrial signaling pathway. The ratio of Bax:Bcl-2 is a key in apoptosis modulation via pro-apoptotic and anti-apoptotic members release (38, 39) . Pro-apoptotic molecules inreasing, such as Bax and Bad, helps to produce apoptosis, while promotion of anti-apoptotic signals, including Bcl-2 and Bcl-xl, protect cancer cells from experiencing death (40, 41) . In this study, carnosic acid and fisetin combinational treatment downregulated Bcl-2 and Bcl-xl expression levels, whereas Bax and Bad were upregulated significantly, upregulating the ratio of Bax:Bcl-2, causing apoptosis, which was consistent with TUNEL results in lung cancer cells (Figs. 4 and 7) . TRAIL, belonging to TNF superfamily, leads to rapid apoptosis through interactions with death receptors (DRs), which includ DR4 and DR5. TRAIL inhibits cancer cells preferentially over other normal cells, indicating its possible effects on anticancer treatment (42, 43) . DR4 and DR5 activation accumulated Fas-associated death domain (FADD) and caspase-8, causing caspase-3 activity and apoptosis eventually (44, 45) . The present study suggested that carnosic acid and fisetin in combination significantly upregulated TRAIL, DR4, DR5 and FADD mRNA levels. p53 activation was also apparently induced by carnosic acid and fisetin combined treatment (Fig. 8) . The results obviously elucidated that carnosic acid and fisetin combinational treatment is dependent on TRAIL/caspase-related signaling pathway.
In conclusion, the results above indicated that carnosic acid and fisetin combination inhibited lung cancer progression in vitro and in vivo, which is related to TRAIL/caspase signaling pathway modulation, promoting lung cancer cell apoptosis without toxicity in normal cells. The results of the present study revealed that combination of carnosic acid and fisetin has potential therapeutic role in suppressing human lung cancer progression.
